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Fig. 1 Effects of pretreatment with trihexyphenidyl (A) and pirenzepine (B) on morphine-induced retching and vomiting
in ferrets. Groups of ferrets were 30 min pretreated with trihexyphenidyl (0.01-1 mg/kg, s.c.) and 15 min pretreated
with pirenzepine (0.1-3 mg/kg) before morphine (0.6 mg/kg, s.c.) injection. Number of retching and vomiting was
counted for 30 min after injection of morphine. Each column represents the mean number of vomiting and retching with
SEM of 5-8 ferrets. *** p < 0.001 vs. vehicle-saline. * p < 0.05, * p < 0.01 or ** p < 0.001 vs. vehicle-morphine.
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Fig. 2 Effects of pretreatment with trihexyphenidyl (A) or pi-
renzepine (B) on the morphine-induced inhibition of gastroin-
testinal transit. Groups of mice were 15 min pretreated with
trihexyphenidyl (0.01-0.3 mg/kg, s.c.) and pirenzepine (0.01 and
1 mg/kg, s.c.) before morphine (1 mg/kg, s.c.) injection. Each
column represents the mean + SEM of 5-17 mice. *™* p <
0.001 vs. vehicle-saline. ® p < 0.01 vs. vehicle-morphine.
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Fig. 3 Effects of trihexyphenidyl (A) and pirenzepine (B) on the
colonic bead expulsion time in mice. Groups of mice were 15
min pretreated with trihexyphenidyl (0.003-0.3 mg/kg, s.c.) and
pirenzepine (0.003-0.3 mg/kg, s.c.) before morphine (1 mg/kg,
s.c.) injection. Each value represents the mean = SEM of 6-14
mice. *** p < 0.001 vs. vehicle-saline. * p < 0.05 vs. vehicle-
morphine.
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Fig. 4 Effect of trihexyphenidyl (A) and pirenzepine (B) on the
morphine-induced hyperlocomotion in mice. Groups of mice
were 30 min pretreated with trihexyphenidyl (1 and 3 mg/kg,
s.c.) and pirenzepine (1 and 3 mg/kg, s.c.) before morphine (10
mg/kg, s.c.) injection. Each column represents the mean total
activity for 180 min with = SEM of 6-10 mice. *** p < 0.001
vs. vehicle-saline.
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Abstract: Opioid analgesics such as morphine have been widely used for treatment of pain in palliative care.
Reducing the adverse effects of morphine, such as emesis, constipation, and drowsiness is one of the important
strategies for quality of life of the patient. Previously we showed that olanzapine is effective for preventing the
morphine-induced nausea and vomiting in ferrets, and possesses a high affinity for muscarine M; receptors. Further-
more, muscarine receptor antagonist has been used for treatment of morphine-induced constipation in humans.
However, there is little information whether M; receptor antagonists would suppress morphine-induced adverse
effects. Therefore, we investigated the effects of M; receptor antagonists, such as pirenzepine and trihexyphenidyl,
on the morphine-induced nausea and vomiting in ferrets, and on the gastrointestinal dysfunction induced by morphine
in mice. Pirenzepine and trihexyphenidyl significantly reduced the frequency of retching and vomiting. Furthermore,
trihexyphenidyl slightly inhibited the reduction of gastro-intestinal transit, whereas pirenzepine significantly inhib-
ited it. Regarding the large intestinal motility dysfunction induced by morphine in mice, trihexyphenidyl did not
suppress the retardation of beads expulsion induced by morphine. In contrast, pirenzepine significantly inhibited the
retardation of the beads expulsion. Our findings suggest that M, receptor antagonists, especially pirenzepine, could
be a useful adjunct for treatment of adverse effects of morphine.
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